Preliminary study of Augmented Reality based manufacturing for further integration of Quality Control 4.0 supported by metrology by Ho, P.T. et al.
IOP Conference Series: Materials Science and Engineering
PAPER • OPEN ACCESS
Preliminary study of Augmented Reality based
manufacturing for further integration of Quality
Control 4.0 supported by metrology
To cite this article: P T Ho et al 2021 IOP Conf. Ser.: Mater. Sci. Eng. 1193 012105
 
View the article online for updates and enhancements.
You may also like
The development of an electricity book
based on augmented reality technologies
A H Permana, D Muliyati, F Bakri et al.
-
An overview of augmented reality
technology
Yunqiang Chen, Qing Wang, Hong Chen
et al.
-
The Use of Augmented Reality
Technology for Primary School Education
in Perlis, Malaysia
Izwan Nurli Mat Bistaman, Syed
Zulkarnain Syed Idrus and Salleh Abd
Rashid
-
This content was downloaded from IP address 79.154.118.36 on 03/11/2021 at 10:08
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd
9th Manufacturing Engineering Society International Conference (MESIC 2021) 










Preliminary study of Augmented Reality based manufacturing 
for further integration of Quality Control 4.0 supported by 
metrology   
P T Ho1*, J A Albajez1, J A Yagüe1 and J Santolaria1 
1 Design and Manufacturing Engineering Department, Universidad de Zaragoza, 50018 
Zaragoza, Spain 
*Corresponding author: thao.ho@unizar.es 
Abstract: Augmented Reality (AR) is a key technology enabling Industry 4.0, which enriches 
human perspectives by overlaying digital information onto the real world. The maturity of AR 
technology has grown recently. As processes in the automotive and aeronautic sectors require 
high quality and near-zero error rates to ensure the safety of end-users, AR can be implemented 
to facilitate workers with immersive interfaces to enhance productivity, accuracy and autonomy 
in the quality sector. In order to analyse whether there is a real and growing interest in the use of 
AR as assisting technology for manufacturing sector in general and quality control in particular, 
two specific research questions are defined. In addition, two well-known research databases 
(Scopus, Web of Science) are used for the paper selection phase in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) methodology to conduct 
a preliminary study and evaluate the current development of AR applications in manufacturing 
sector in order to answer the defined questions. It is found that while the development of AR 
technology has widely implemented to assign real-time information to several systems and 
processes in assembly and maintenance sectors, this tendency has only emerged in the quality 
sector over the last few years. However, AR-based quality control has proved its advantages in 
improving productivity, accuracy and precision of operators as well as benefits to manufacturing 
in terms of product and process quality control across different manufacturing phases. 
Keywords: Augmented Reality, Industry 4.0, Metrology, Assembly, Quality 4.0. 
1.  Introduction 
In recent years, Augmented Reality (AR) that is one of the key technologies enabling Industry 4.0 [1] 
has been gradually adopted by key companies on industrial innovation, such as General Electrics, Airbus 
[2] and Boeing. It has been implemented for productivity advancement, product and process quality 
enhancement (reducing error rates) [3] or higher ergonomics in various manufacturing phases. In the 
automotive and aeronautic sectors, automatic measuring systems have been widely applied when 
designing prototypes or assembling the relatively large volume parts. The accuracy of metrological data 
collected by those measuring systems is crucial to assure the high quality of product and contribute to 
the saving of prevention costs in the quality sector. However, the most accurate systems are usually slow 
due to the involvement of several essential manual operations like targets placement, setting up devices, 
etc. In addition, the quality of measuring results can also be influenced by workers’ experience [4]. In 
order to solve these challenges, AR technology is investigated and a systematic literature review is 
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preliminarily studied for further developing of the AR-based quality control (QC) application integrated 
with 3D metrology. 
2.  Background 
2.1.  Augmented Reality (AR) 
AR is a technology overlaying digital information onto the real world to enrich humans’ perspectives 
about the surrounding environment, thus innovating the interaction between human, digital information 
and physical world. The augmented information can be in the form of visual augmentation [3], audio 
[5], haptic feedback [6] and multimodal feedback [7]. Visual augmented reality applications are 
currently dominant in industrial manufacturing. However, there is also a tendency of increasing interest 
in multimodal AR applications, which are mainly based on visual augmentation combined with another 
sensing feedback. 
Although the research trend in AR technology has been investigated and rapidly evolved over the 
past 20 years, the earliest of humankind’s experience into immersive reality can be dated back to 1968. 
It was when Ivan Sutherland invented the first head-mounted display (HMD) device connecting to a 
computer to create the “Sword of Damocles” [8]. This invention greatly influenced the way human 
interacting with industrial AR today. Then in 1990, the term Augmented Reality was first formulated 
and official contributed to Thomas Caudell, who was a Boeing researcher. In a paper, he presented his 
idea of designing and prototyping of an application, which supports manual manufacturing process by 
integrating heads-up display (HUD) technology [9]. Four years later, Milgram et al. introduced the 
Reality-Virtuality Continuum (RV continuum) to classify different levels of immersive experience 
depending on the type of dominant content: reality information or virtual information [10]. In 1997, 
three main technical characteristics of AR were defined by Azuma based on its technology, which are 
combining real and virtual, interacting in real-time and registering real/virtual objects in 3D [11].  
Technically, a general AR system is constructed of software built on a selection of four fundamental 
elements of hardware: processing unit, input device, tracking device and display device. The processing 
unit is for modelling augmentations, controlling devices’ connection and adjusting the position of 
superimposed information in the real scene. About the tracking technology of AR, it depends on the 
selected tracking devices and can be classified based on tracking methods into three groups: computer 
vision-based tracking (CV-based tracking), sensor-based tracking and hybrid tracking. The input device 
is to get the stimuli signal from users or the environment to trigger the augmentation functions. The 
processing data are visualised onto the display device via a user interface (UI) enhancing two-way 
communication between the user and the system. The current display devices belong to two groups: in 
situ display (desktop monitor, projection-based augmentation, spatial augmentation, etc.) and mobile 
display (hand-held device HHD, head-mounted device HMD). 
2.2.  Quality 4.0 
Quality is one crucial class of manufacturing attributes besides cost, time and flexibility [12]. It focuses 
on ensuring the final product or service to meet the specifications, thus satisfying customers’ 
requirements. In an organisation’s context, the current highest level of quality is Total quality 
management (TQM) which organise the quality improvement by holistically considering internal and 
external customers’ needs, cost of quality as well as developing systems to assist improvement. As a 
part of TQM, quality control (QC) is essential in fulfilling technical specifications with inspection using 
techniques like statistical process control (SPC) or statistical sampling to maintain the in-line quality on 
the shop floor manufacturing [13]. In contrast, quality assurance (QA) focuses more on the pre-
manufacturing phases like design, prototyping, planning, etc., to ensure the accomplishment of quality 
requirements for manufacturing products.  
Industry 4.0 is an emerging paradigm for the manufacturing digitisation, observable in all modern 
manufacturing levels. It creates an innovative value chain to enable interaction between the worker, 
machine and cyber-physical system (CPS) thank to different enabling technologies such Internet of 
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Thing (IoT), cloud computing, artificial intelligence (AI), AR, etc. By combining the state of quality 
and industry 4.0, quality 4.0 can be considered as an integral part of industry 4.0. It is the digitalisation 
of TQM or application of industry 4.0 technologies to quality. The value propositions for quality 4.0 are 
augmentation or improvement of human intelligence; productivity and quality of decision-making 
enhancement; transparency and traceability improvement; human-centred learning; changes 
management and prediction [14-16]. 
Applied metrology is a subset of metrology and a measurement science developed toward 
manufacturing and other processes to assure the suitability of measurement instruments together with 
their calibration and quality control. Nowadays, the measuring technologies are not only used for 
ensuring the finished product but also for controlling all the manufacturing process in a proactive way. 
With the superimposition advantage of AR and the power of metrology, for the long-term success of 
quality 4.0, metrology integrated AR could be a good starting point. 
3.  The methodology of documents identification 
The first step of the study is documents identification. Two well-known technology research databases, 
which are Scopus and Web of Science (WoS), are used for finding high-quality literature resources. The 
search was carried out in September 2020 following the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) [17], which is a straightforward reporting framework for 
systematic reviews that supports authors to enhance their reviews and meta-analysis reporting, to answer 
the two research questions (RQs): 
 
• RQ1: What is the current state of AR-based applications in manufacturing? 
• RQ2: How does AR-based quality control benefit manufacturing in industry 4.0 context? 
 
The articles are selected and approved based on the following criteria: 
 
• search terms: “augmented reality”, “mixed reality”, “manufacturing”, “industrial application”, 
“quality”, “assembly”, “maintenance” 
• publication year: 2010 – 2020 (extracted in September 2020) 
• publication language: only English 
• focusing on peer-reviewed articles from conferences and journals 
 
For the initial database search, 803 articles are found in total: 429 articles from Scopus, 374 articles 
from WoS. After removing duplications, 697 articles are considered for relevant screening based on 
their Title, Abstract and Articles’ keywords following the predefined criteria above. After this step, there 
are 255 remaining articles for Eligibility assessment. At this stage, the full text of 225 articles are 
assessed whether they are relevant and provide useful information to answer the defined RQs. As a 
result, 104 articles are suitable for further analysis. 
 
 
Figure 1 Classification of applications based on industry adoption. 
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4.  AR-based applications analysis  
Firstly, the selected articles are analysed and categorised into two classes depending on their industry 
adoption stages, which are “tested in the industry” and “novel stage”. The application is classified into 
“tested in the industry” class when it was already tested in a real manufacturing environment or a novel 
environment imitating the same conditions of a shopfloor environment. While the “novel stage” is more 
relevant to applications focusing on solving specific issues of AR technology like tracking, calibration, 
etc. rather than finding solutions for real industrial case studies. The result shows that 74% of 
applications are still at the novel stage and the other 26% of applications are tested in the industry as in 
figure 1.  
Although the novel stage applications achieve promising results, human-centric issues, user 
interaction and user interface are still a gap that needs to be solved for adopting AR widely and 
effectively in manufacturing [18]. Because AR is a technology that enriches users’ perspectives, a 
universal human-centred model for AR-based applications can help in reducing the gap between 
academia and industry context [19,20]. This human-centred model can be developed by utilising a 
simplified AR pipeline [21] and elements of the AR system [22] with a value-sensitive design approach 
for smart operator 4.0 [23]. 
 
 
Figure 2. Distribution of AR based applications in manufacturing over years. 
 
Secondly, the distribution of AR-based assembly, maintenance, QC and other relevant applications 
are 49%, 27%, 15% and 9% respectively as in figure 2. It shows a consistent interest in AR-assisted 
assembly, which reached a peak in 2019. Maintenance is the second dominant sector when considering 
the AR-based application in manufacturing. The number of AR-based maintenance applications 
fluctuate over the years and get the highest consideration in 2017. Although the investigation of AR 
applications in QC sector is still far less than in the assembly and maintenance fields, it has recently 
emerged. Other sectors including AR-assisted robot programming [24,25], cyber-physical machine tools  
[26,27] as well as real-time manufacturing modelling and simulation [28] have gradually increased. 
The main advantage of implementing AR-based applications for maintenance and assembly 
instructions is the intuitive display. Thus, digital information in forms of text labels, 2D symbols, CAD 
models, etc. could be presented directly on the relevant objects [29-33]. An evaluation study comparing 
maintenance efficiency in using different supporting tools such as paper manuals, video instructions and 
AR assisted application proved that AR technology could improve productivity, reduce maintenance 
time and ensure the quality of maintenance works comparing to other tools [34]. Similarly, a series of 
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works on the comparison between AR-based instructions and 2D documents for the assembly was done 
by Fiorentino et al. [30] and Uva et al. [35], which proved that assembly efficiency significantly 
improved with AR-based instructions [30]. Additionally, AR-assisted instructions also boosted the 
memorisation of assembly order [35]. 
Regarding quality sector, AR assisted quality control has emerged from a simple indicating tool by 
projecting 2D information onto parts for in situ quality inspection of welding spots using Spatial AR 
(SAR) [36] to an advanced level that utilises real-time 3D metrology data and smart glasses Hololens 
for on-line quality assessment of polished surfaces [3]. In some cases, AR-based quality applications 
also work as an innovative Poka-Yoke tool. For example, setting up the die cutters is an important step 
in the packaging sector but it is error-prone causing low-quality products. Thus, correction templates 
made of paper and marked with tapes in different colours are used to balance the press differences of 
die cutters. These correction templates are created by using the concept of traditional Poka-Yoke method 
for mistake prevention. They are then digitalised and directly projected in the die cutter which resulted 
in several advantages reducing warehouse costs for storing correction templates or preventing data loss 
from damaged templates [37]. In another application, SAR is applied to improve the precision and 
accuracy of the manual spot-welding in the automotive industry [38]. Several types of visual cues with 
different colours (red, green, yellow, white and blue) and sizes are defined and augmented on the 
welding area to help the operators focus the weld guns towards the correct welding location. 
Additionally, AR-based applications using CAD models are implemented as tools for design 
discrepancies [39] and design variations detection [40]. Point cloud data integration with an interactive 
SAR system is developed and validated for the quality assurance of sheet metal parts in the automotive 
industry [41]. 
5.  Conclusion 
The investigation of AR applications in QC sector is still far less than in assembly and maintenance 
fields, despite the fact that several AR-based QC applications benefit manufacturing in terms of non-
conformity management [38], quality monitoring [42], change management [43], etc. It can be explained 
by the nature of these processes. Most assembly and maintenance operations can get benefits from AR 
by replacing paper instructions, engineering design with relevant digital information. By overlaying 
digital information onto a specific product or process, human errors can be reduced. In contrast, AR 
applications in QC need to consider not only the finished product but also the holistic philosophy of 
process monitoring and product quality controlling across different manufacturing phases. They also 
require higher accuracy in tracking and superimposing information. Moreover, the type of data used in 
AR-based QC context is very diverse from 2D instruction to 3D point cloud data depending on specific 
inspection task such as discrepancies check [39], design variations [40], surface quality check [3], etc. 
or different level of users like production managers [44], QC workers [45], in-line operators [46], etc. 
Regarding the gap between industry and academia of AR-based manufacturing application, a 
universal human-centred model implementing AR-based application can be developed by utilizing 
results and methodologies of studied applications. This model can then be combined with an AR-based 
metrology application as digital guidance or digital Poka-Yoke tool to ensure the quality of measuring 
data, which is essential for quality 4.0 implementation. Then, to achieve quality 4.0 in the long term, a 
ubiquitous AR-based QC architecture could be built up to enhance data-driven metrology integration 
and allow different end-users to exploit metrological data and quality data efficiently. As a result, 
productivity, efficiency and accuracy can be improved across relevant manufacturing processes in real-
time. 
6.  Future work 
By utilising the current identified documents and findings, a set of extended research questions as well 
as the second round of documents search using PRISMA extended version will be carried out to draw a 
roadmap and propose a framework for the further development and implementation of AR-based quality 
application in the context of industry 4.0. 
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This study was undertaken in the context of the DIGIMAN4.0 Project (“DIGItal MANufacturing 
Technologies for Zero-defect Industry 4.0 Production”, http://www.digiman4-0.mek.dtu.dk) supported 
by the European Commission (project no. 814225). 
References 
[1] Esengün M and İnce G 2018 The Role of Augmented Reality in the Age of Industry 4.0 Industry 
4.0: Managing The Digital Transformation. Springer Series in Advanced Manufacturing 
(Springer, Cham) pp 201–215 
[2] Serván J, Mas F, Menéndez J L, and Ríos J 2012 Using augmented reality in AIRBUS A400M 
shop floor assembly work instructions AIP Conference Proceedings 1431, pp 633–640 
[3] Ferraguti F et al. 2019 Augmented reality based approach for on-line quality assessment of 
polished surfaces Robot. Comput. Integr. Manuf. 59 pp 158–167 
[4] Gaska A, Gaska P, Sładek J, Harmatys W and Gruza M 2014 Evaluation of operator influence on 
measurements performed using Laser Tracker systems 11th International Scientific 
Conference on Coordinate Measuring Technique CMT2014 (Bielsko-Biała) pp 38–41 
[5] Sundareswaran V et al. 2003 3D audio augmented reality: implementation and experiments The 
Second IEEE and ACM International Symposium on Mixed and Augmented Reality 
Proceedings pp 296–297 
[6] Arbeláez J C, Viganò R and Osorio-Gómez G 2019 Haptic Augmented Reality (HapticAR) for 
assembly guidance Int. J. Interact. Des. Manuf. 13 (2) pp 673–687  
[7] Luxenburger A et al. 2019 Augmented Reality for Human-Robot Cooperation in Aircraft 
Assembly IEEE International Conference on Artificial Intelligence and Virtual Reality 
(AIVR)( San Diego, CA)  pp 263–2633 
[8] Sutherland I E 1968 A head-mounted three dimensional display Proceedings of the December 9-
11, 1968, fall joint computer conference, part I on - AFIPS ’68 (Fall, part I) (San Francisco) 
pp 757–764 
[9] Caudell T P and Mizell D W 1992 Augmented reality: an application of heads-up display 
technology to manual manufacturing processes Proceedings of the Twenty-Fifth Hawaii 
International Conference on System Sciences vol 2 pp 659–669 
[10] Milgram P, Takemura H, Utsumi A and Kishino F 1995 Augmented reality: A class of displays 
on the reality virtuality continuum Proc. SPIE 2351 Telemanipulator and Telepresence 
Technologies (Boston)  pp 282–292 
[11] Azuma R T 1997 A Survey of Augmented Reality Presence: Teleoperators and Virtual 
Environments 6 (4), pp 355–385 
[12] Chryssolouris G 2006 Manufacturing Systems: Theory and Practice  (New York: Springer-
Verlag) 
[13] Tomic B and Spasojevic Brkic V K 2019 Customer satisfaction and ISO 9001 improvement 
requirements in the supply chain The TQM Journal 31 (2), pp 222–238 
[14] Thoben T-D, Wiesner S and Wuest T 2017 Industrie 4.0 and Smart Manufacturing – A Review 
of Research Issues and Application Examples Int. J. Autom. Technol. 11 (19) pp 4–16 
[15] Milunovic Koprivica S, Maric A, Ristic O and Arsovski S 2019 Social oriented quality: from 
quality 4.0 towards quality 5.0 Proceedings on Engineering Sciences 1 (2) pp 405–410 
[16] Radziwill N M 2018 Quality 4.0: Let’s Get Digital-The many ways the fourth industrial revolution 
is reshaping the way we think about quality Computer Science arXiv Prepr. arXiv1810.07829 
[17] Liberati A, Altman D, Tetzlaff J et al.  2009 The PRISMA Statement for Reporting Systematic 
Reviews and Meta-Analyses of Studies That Evaluate Health Care Interventions: Explanation 
and Elaboration Ann. Intern. Med. 151 (4) pp 65–94 
[18] Egger J and Masood T  2020 Augmented reality in support of intelligent manufacturing – A 
systematic literature review Comput. Ind. Eng. 140 p. 106195 
[19] Govindarajan U H, Trappey A J and Trappey V  2018 Immersive Technology for Human-Centric 
9th Manufacturing Engineering Society International Conference (MESIC 2021) 










Cyberphysical Systems in Complex Manufacturing Processes: A Comprehensive Overview of 
the Global Patent Profile Using Collective Intelligence Complexity 2018 pp 1–17 
[20] Pedersen I 2009 Radiating centers: Augmented reality and human-centric design IEEE 
International Symposium on Mixed and Augmented Reality - Arts, Media and Humanities 
(Orlando, FL)  pp 11–16 
[21] Fraga-Lamas P, Fernandez-Carames T M, Blanco-Novoa O and Vilar-Montesinos M A 2018 A 
Review on Industrial Augmented Reality Systems for the Industry 4.0 Shipyard  IEEE Access 
6 pp 13358–13375 
[22] Lopez H, Navarro A and Relano J 2010 An Analysis of Augmented Reality Systems 2010 Fifth 
International Multi-conference on Computing in the Global Information Technology 
(Valencia, Spain) pp 245–250 
[23] Gazzaneo L, Padovano A and Umbrello S 2020 Designing Smart Operator 4.0 for Human Values: 
A Value Sensitive Design Approach Procedia Manuf. 42 pp 219–226 
[24] Ragni M, Perini M, Setti A and Bosetti P 2018 ARTool Zero: Programming trajectory of touching 
probes using augmented reality Comput. Ind. Eng. 124 pp 462–473 
[25] Ong S K , Yew A W W, Thanigaivel NK and Nee A Y C 2020 Augmented reality-assisted robot 
programming system for industrial applications Robot. Comput. Integr. Manuf. 61 p 101820 
[26] Liu C, Cao S , Tse, W and Xu X 2017 Augmented Reality-assisted Intelligent Window for Cyber-
Physical Machine Tools J. Manuf. Syst. 44 pp 280–286 
[27] E. Tzimas E,  Vosniakos G-C and Matsas E 2019 Machine tool setup instructions in the smart 
factory using augmented reality: a system construction perspective Int. J. Interact. Des. Manuf. 
13 (1) pp 121–136 
[28] Lee H 2019 Real-time manufacturing modeling and simulation framework using augmented 
reality and stochastic network analysis Virtual Reality 23 (1) pp 85–99 
[29] Masoni R et al. 2017 Supporting Remote Maintenance in Industry 4.0 through Augmented Reality 
Procedia Manuf. 11 pp 1296–1302 
[30] Fiorentino M, Uva A E, Gattullo M, Debernardis S and Monno G 2014 Augmented reality on 
large screen for interactive maintenance instructions Comput. Ind. 65 (2) pp 270–278 
[31] Chen H, Chen C, Sun G and Wan B 2019 Augmented Reality Based Visualization Method for 
Spacecraft Cable Assembly Process  IOP Conf. Ser. Mater. Sci. Eng. 612 p 032184 
[32] Mourtzis D, Zogopoulos V and Xanthi F 2019 Augmented reality application to support the 
assembly of highly customized products and to adapt to production re-scheduling Int. J. Adv. 
Manuf. Technol. 105 (9) pp 3899–3910 
[33] Rentzos L, Papanastasiou S, Papakostas N and Chryssolouris G 2013 Augmented Reality for 
Human-based Assembly: Using Product and Process Semantics IFAC Proceedings Volumes 
46 (15) pp 98–101 
[34] Havard V, Baudry D, Savatier X, Jeanne B, Louis A and Mazari B 2016 Augmented Industrial 
Maintenance (AIM): A Case Study for Evaluating and Comparing with Paper and Video 
Media Supports Augmented Reality, Virtual Reality, and Computer Graphics. AVR 2016. 
Lecture Notes in Computer Science (Springer, Cham) pp 302–320 
[35] Uva A E, Gattullo M, Manghisi V M, Spagnulo D, Cascella G L and Fiorentino M 2018 
Evaluating the effectiveness of spatial augmented reality in smart manufacturing: a solution 
for manual working stations Int. J. Adv. Manuf. Technol. 94 (1–4) pp 509–521 
[36] Zhou J, Lee I, Thomas B, Menassa R, Farrant A and Sansome A 2011 Applying spatial augmented 
reality to facilitate in-situ support for automotive spot welding inspection Proceedings of the 
10th International Conference on Virtual Reality Continuum and Its Applications in Industry 
- VRCAI ’11 (Hong Kong) pp 195–200 
[37] Álvarez H, Lajas I, Larrañaga A, Amozarrain L, and Barandiaran I 2019 Augmented reality 
system to guide operators in the setup of die cutters Int. J. Adv. Manuf. Technol. 103 (1–4) pp 
1543–1553 
[38] Doshi A, Smith R T, Thomas B H and Bouras C 2017 Use of projector based augmented reality 
9th Manufacturing Engineering Society International Conference (MESIC 2021) 










to improve manual spot-welding precision and accuracy for automotive manufacturing Int. J. 
Adv. Manuf. Technol. 89 (5–8) pp 1279–1293 
[39] Barbieri L and Marino E 2019 An Augmented Reality Tool to Detect Design Discrepancies: A 
Comparison Test with Traditional Methods Augmented Reality, Virtual Reality, and Computer 
Graphics (Springer International Publishing) pp 99–110 
[40] Bruno F, Barbieri L, Marino E, Muzzupappa M, D’Oriano L and Colacino B 2019 An augmented 
reality tool to detect and annotate design variations in an Industry 4.0 approach Int. J. Adv. 
Manuf. Technol. 105 (1–4) pp 875–887 
[41] Bauer P, Fink F, Magaña A, and Reinhart G 2020 Spatial interactive projections in robot-based 
inspection systems Int. J. Adv. Manuf. Technol. 107 (5–6) pp 2889–2900 
[42] Segovia D, Mendoza M, Mendoza E and González E 2015 Augmented Reality as a Tool for 
Production and Quality Monitoring Procedia Comput. Sci. 75 pp 291–300 
[43] Piero N and Schmitt M 2017 Virtual Commissioning of Camera-based Quality Assurance 
Systems for Mixed Model Assembly Lines Procedia Manuf. 11 pp 914–921 
[44] Wang X, Yew, A W W, Ong S K and Nee A Y C 2019 Enhancing smart shop floor management 
with ubiquitous augmented reality Int. J. Prod. Res. 58 (8) pp 2352–2367 
[45] Muñoz A, Mahiques X,  Solanes J E, Martí A, Gracia L and Tornero J 2019 Mixed reality-based 
user interface for quality control inspection of car body surfaces J. Manuf. Syst. 53 pp 75–92 
[46] Antonelli D and Astanin S 2015 Enhancing the Quality of Manual Spot Welding through 
Augmented Reality Assisted Guidance Procedia CIRP 33 pp 556–561  
